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We have recently studied coupled channel interactions of vector and pseudoscalar mesons
with octet baryons having total strangeness null and spin-parity 1/2−. We, thus, con-
sidered piN , ηN , KΛ, KΣ , ρN , ωN , φN , K∗Λ, and K∗Σ with total isospin 1/2 and
3/2. The interactions between pseudoscalar mesons and baryons are obtained by using
the Weinberg-Tomozawa theorem. For the case of vector mesons, we calculate s-, t-, u-
exchange diagrams and a contact term. The subtraction constants, required to calculate
the loop-function in the scattering equations, are constrained by fitting the available
experimental data on some of the reactions with pseudoscalar meson-baryon final states.
We end up finding resonances which can be related to N∗(1535), N∗(1650) (with a dou-
ble pole structure), N∗(1895) and ∆(1620). We conclude that these resonances can be, at
least partly, interpreted as dynamically generated resonances and that the vector mesons
play an important role in determining the dynamical origin of the low-lying N∗ and ∆
states.
Keywords: N∗-resonances, Bethe-Salpeter equations, Hidden local symmetry.
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1. Introduction
In this manuscript we outline some of the important features of our recent work on
the nonstrange meson-baryon systems 1. The basis of this work lies in the framework
built in our previous studies 2,3 by using effective field theories relying on the chiral
and hidden local symmetries (HLS) 4 . We first investigated the reliability of low
energy theorems when dealing with vector meson-baryon (VB) systems in Ref. 2
and found that the diagrams other than the t-channel give significant contributions
and it is important to consider s-, and u-channel diagrams. In addition to these, a
contact term arises from the VB Lagrangian which, apart from its large contribution,
is important to be considered from the point of view of the HLS gauge invariance 2.
Having resolved this issue, we included pseudoscalar mesons in the formalism 3
and studied the strangeness−1 sector where we found dynamical generation of some
hyperon resonances. In continuation with these works, we now deal with strangeness
0 meson baryon systems. Several studies have been dedicated to understand the na-
ture ofN∗ and ∆ resonances (see, e.g., Ref 5, 6, 7, 8, 9). The picture, however, seems
to remain unclear 1. We explore these resonances within our formalism, which is
briefly discussed in the next section, and find that some N∗’s and ∆’s can be partly
understood as dynamically generated resonances with the vector meson-baryon con-
tribution being an important one 1 .
2. Formalism
The general VB Lagrangian in our formalism is written as 2
LVB = −g
{
〈B¯γµ [V
µ
8
, B]〉+ 〈B¯γµB〉〈V
µ
0
〉+
1
4M
(
F 〈B¯σµν [V
µν
8
, B]〉
+ D〈B¯σµν {V
µν
8
, B}〉+ C0〈B¯σµνV
µν
0
B〉
)}
, (1)
where V with subscript 8 (0) represents the octet (singlet) vector field, the constants
D = 2.4, F = 0.82 and C0 = 3F −D, such that the anomalous magnetic couplings:
κρ ≃ 3.2, κω ≃ κφ = 0. As discussed above, the VB interaction is obtained from
the s-, t- and u-channel diagrams and a contact term. Using Eq. (1) we obtain the
Yukawa type vertices necessary to calculate different exchange diagrams, while the
contact term arises from the commutator of the vector meson tensor (V µν).
Next, the pseudoscalar mesons are included by extending the Kroll-Ruderman
theorem for the photoproduction of pions by replacing the photon by a vector meson
which is introduced as the gauge boson of the HLS. The transition amplitudes for
VB → pseudoscalar meson-baryon (PB) are obtained from 3
LPBVB =
−igKR
2fpi
(
F˜ 〈B¯γµγ5 [[P, V
µ] , B]〉+ D˜〈B¯γµγ5 {[P, V
µ] , B}〉
)
, (2)
where F˜ = 0.46, D˜ = 0.8 such that F˜ + D˜ ≃ gA = 1.26.
Finally, we rely on the Weinberg-Tomozawa theorem for the PB interaction.
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3. Results and Summary
With the interaction kernels obtained by using the Lagrangians given in the previ-
ous section, we solve the Bethe-Salpeter equation in the coupled channel approach.
The loop functions for the same are calculated using the dimensional regulariza-
tion scheme, the subtraction constants required for which are fixed by fitting the
data on the isospin 1/2 and 3/2 piNamplitudes and on the reactions: pi−p → ηn
and pi−p→ K0Λ. The best fit is obtained for the subtraction constants given in Ta-
ble 1. These constants are such that the loop functions below the threshold (at least
Table 1. The subtraction constants required to calculate the loop functions.
piN ηN KΛ KΣ ρN ωN φN K∗Λ K∗Σ
-1.955 -0.777 -4.476 -1.945 -0.45 -0.955 -2.972 -0.184 -1.152
near the threshold region) are real and negative valued, which partly satisfies the
condition (of the natural renormalization scheme of Ref. 10 ) required to interpret
the resonances found in these systems as dynamically generated ones. By saying
partly, we mean that the subtraction constants, although being negative, are differ-
ent from those obtained in this natural scheme (see detailed discussions in Ref. 1).
This implies that there is something missing in the present formalism (which could
be the quark components, other hadron channels, other diagrams, etc.) which is
compensated by the difference in the subtraction constants used in our work and
those obtained in the natural scheme. In summary, we can interpret the resonances
found in our work as partly dynamically generated ones.
We show the squared amplitudes for the ηN and the K∗Σ channel in the isospin
1/2 configuration in Fig. 1. As can be seen from these figures, the ηN amplitude
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Fig. 1. Squared amplitudes for the ηN and K∗Σ channels.
shows a clear peak structure for N∗(1535) while the K∗Σ amplitude shows a peak
structure which can be identified with N∗(1650) and a double hump which we relate
to N∗(1895). We have studied these amplitudes in the complex plane too and found
a pole at 1504 − i55 MeV which decays with the branching ratio of 43% to the
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piN and 55% to the ηN channel. All these findings are in good agreement with the
properties of the N∗(1535) resonance. In case of N∗(1650), we find a double pole
structure associated to it (with MR− iΓ/2 = 1668− i28, 1673− i67), like in Ref. 11.
Beyond this energy region we find two poles at: 1801−i96MeV and 1912−i54 MeV.
All the results for a possible third isospin 1/2 resonance with spin-parity 1/2− are
grouped under N∗(1895) in the particle data book 12. Our results show that there
might be two resonances beyond N∗(1650) but there large overlapping widths may
not allow to distinguish them in the experimental data.
Finally, we would like to add that we find a pole in the isospin 3/2 configuration
which can be related to ∆(1600).
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